Abstract Total twinning rate has increased dramatically during the past 20 years, especially in Europe and the United States. This increase is mainly attributed to the widespread implementation of assisted reproductive techniques (ART). Twin gestation presents hazards at all ranges of gestational period, including risk for fetal wastage, fetal growth restriction, preterm labor, congenital abnormalities, twin-to-twin transfusion syndrome (TTTS) regarding monochorionic twins, and increased mortality rates. This review presents a summary of the appropriate antenatal examination strategy in twin pregnancies and, in parallel, emphasizes the main clinical problems that still pose controversies. Detection of chorionicity, measurement of nuchal translucency, fetal growth assessment based on twin-adjusted customized charts, structural anomaly scan, invasive procedures, non-stress test, biophysic profile, and MRI performance are the main issues analyzed. Finally, because twin gestations represent a challenging reality of modern obstetrics, this review also elucidates on the domains characterized by lack of evidence-based consensus, therefore raising the need for further research.
Introduction
Rate of twin gestation currently varies between 1-2 % of all pregnancies [1] . However, total twinning rate has increased dramatically during the past 20 years, especially in Europe and the United States [2] [3] [4] . This significant increase has been mainly attributed to the widespread implementation of assisted reproductive techniques (ART). It is estimated that 75 % of the total increase of twin pregnancies' rate has been caused by ART methods; therefore, making a high-priority issue the reexamination of ART methods' policies regarding the optimal number of transferred embryos [5] .
Twin gestation presents hazards at all ranges of gestational period [6] . Increased risk for fetal wastage, fetal growth restriction, preterm labor, congenital abnormalities, and mortality are only a part, yet important, of the range of complications associated with twin pregnancies [7] [8] [9] [10] . Furthermore, in case of monochorionic twins, perinatal mortality is three to five times higher than in dichorionic ones [11] . Besides, twin-totwin transfusion syndrome (TTTS) will potentially develop in 10-15 % of monochorionic gestations [12, 13] . All the aforementioned aspects underline emphatically the need for effective, close, and mainly evidence-based surveillance, enrolling all available methods of antenatal examination. The main objective of the present review is to present an overview of the appropriate antenatal examination strategy in twin pregnancies and, in parallel, emphasize the main clinical problems that may pose dilemmas and controversies regarding their optimal diagnostic management.
Detection of Chorionicity
According to the guidelines of Royal College of Obstetricians and Gynaecologists, an ultrasound examination should be performed in all women with a diagnosed multiple pregnancy between 10-13 gestational weeks to assess viability and chorionicity (level II evidence) [14] . Relatively, French College of Gynaecologists and Obstetricians recommends the accurate diagnosis of chorionicity as early as possible in twin pregnancies, reporting that the most relevant signs are considered to be the number of gestational sacs between 7-10 gestational weeks and the "lambda sign" between 11-14 weeks [15••] .
Lambda sign observation at 10-14 weeks has been widely implemented in the assessment of chorionicity. According to Sepulveda et al. [16] , pregnancies should be classified as monochorionic in case a single placental mass is detected without lambda-sign observation at the inter-twin membrane-placental junction. In contrast, in case the signe placental mass co-exists with the lambda sign or placentas are not adjacent to each other, the diagnosis of a dichorionic pregnancy should be made. Antenatal sonographic prediction of chorionicity has been reported by Lee et al., in a retrospective series of 410 twins, to have specificity as well as positive and negative prognostic value greater than 90 %, while sensitivity was reported to be 89.8 % [17] .
Reliability of chorionicity assessment is highly depended on the operator's education and experience. Wesz et al. [18] in a cohort of 172 twins concluded that dichorionic-diamniotic chorionicity is determined accurately by sonographers rather than perinatologists at less than 14 weeks, whereas Devlieger et al. [19] , in a retrospective follow-up of 87 consecutive twins observed that early detection of chorionicity and amnionicity is reliable by educated yet not highly experienced physicians.
An issue of high clinical interest is the optimal time of chorionicity assessment. As mentioned before, guidelines of RCOG and CNGOF conclude that chorionicity assessment should be performed between 10-13 gestational weeks. However, Bora et al. [20] , in a retrospective analysis of prospectively collected data over a 3-year period, when comparing chorionicity diagnosis between 7-9 weeks' transvaginal and 11-14 weeks' transabdominal ultrasound examination, have observed a 98 % rate of agreement between the two U/S observations regarding dichorionic-diamniotic cases, whereas the relative agreement rate was 100 % for monoamniotic ones. However, chorionicity assessment by transvaginal ultrasound at 7-9 gestational weeks may not yet implemented as evidence-based diagnostic examination and, therefore, transabdominal ultrasound between 10-13 gestational weeks still presents the optimal antenatal diagnostic management.
Nuchal Translucency
Assessment of nuchal translucency (NT) should be performed by ultrasound examination between 10-13 weeks of gestation in all twin pregnancies for designation of risk for aneuploidy [21••] . CNGOF considers nuchal translucency as the best parameter to assess the risk for aneuploidy (level II) [14] . Canadian consensus guidilines [22] report that fetal nuchal translucency combined with maternal age should be considered an acceptable first trimester screening test for aneuploidies in twin pregnancies (II-2). Furthermore, because chorionicity has an outstanding impact on prenatal examination process, in dichorionic twins, there should be calculated a fetus-specific risk (II-3C) while in monoamniotic twins there should be provided a pregnancy-specific risk. Furthermore, apart from its contributive role in detecting chromosomal abnormalities, NT may contribute in the early diagnosis of TTTS in monoamniotic twins [23] .
Several studies have indicated the high diagnostic significance of NT for detecting chromosomal abnormalities. Sepulveda et al., in a recent study recruiting 206 twin pregnancies, reported that NT thickness over 95th percentile has a sensitivity of 83.3 % in diagnosing chromosomal abnormalities [24] . Besides, Monni et al., in a retrospective study that included 6,338 pregnancies, observed correlation between increased NT in multiple pregnancies and risk of chromosomal abnormalities [25] . Furthermore, several studies firmly underline that risk for Down syndrome according to NT should be estimated by using a fetus-specific risk algorithm. Maymon et al., when examining the between-fetus correlation coefficient of log NT in a series of 977 unaffected twins, reported that for a 3 % false-positive rate, the model predicted detection rate was 68 % in case between-fetus correlation was not taken into account, whereas it was increased to 73 % when taken into consideration, finally concluding that a fetusspecific risk algorithm to detect Down syndrome may result in worthwhile increase in detection rates [26] . Relatively, Wright et al. [27] reported that correlation in NT measurements between the fetuses should be taken into consideration when estimating patient-specific risk.
Canadian consensus guidelines also mention that first trimester serum screening combined with NT additionally may improve prenatal diagnosis accuracy, because it may be characterized by decreased false-positive rates compared with the combination of NT and maternal age [22] . Prats et al., in a recently published study that included 227 twin pregnancies, compared three different prenatal screening strategies: NT screening, combined test screening, and combined test + ductus venosus pulsatility index (DVPI) [28•] . According to their results, NT screening false-positive rate was 10.9 %, whereas the relative rate for combined test was 6.2 % (95 % confidence interval (CI) 4.1-8.2 %) with a 100 % detection rate. A relative reduction also was observed by Madsen et al., who reported in a large series of 4,843 unaffected and 47 trisomy-21 twin pregnancies that adding biochemistry (PAPP-A and β-ΗCG) in the algorithm resulted in improvement of false-positive rate from 8.0 % to 5.9 % [29] . Therefore, they concluded that enrollment of chorionicity-specific medians for biochemical markers in the risk assessment algorithm may additionally improve diagnostic accuracy and false-positive rates.
NT measurement, apart from contributing in the detection of potential chromosomal abnormalities, also may contribute to the prediction of TTTS in monoamniotic cases. However, relative studies have presented controversial results in this field. Therefore, RCOG states that NT measurement's contribution in predicting TTTS is still unclear, with varying results of sensitivity and specificity. Indeed, Sperling et al. in a prospective study of more than 495 twin pregnancies reported that NT measurement was not helpful to predict TTTS [30] . However, Linskens et al. [23] have reported that NT discordance of more than 20 % in 61 monochorionic monoamniotic twins has been significantly associated with subsequent development of TTTS. Relative results also have been mentioned by Kagan et al. [31] , which mention that 30 % of TTTS cases in monoamniotic twins have presented a discordance in NT measurement more than 20 %. Furthermore, there are recently published data that increased NT may be characterized by high specificity and positive prognostic value regarding other severe complications, such as fetal demise or preterm labor [32, 33•] . However, further research is needed before definitively enrolling NT measurement as predictive parameter for such outcomes in the routine antenatal examination algorithm.
In conclusion, NT measurement at 10-13 gestational weeks is highly recommended in all twin pregnancies to assess risk for chromosomal abnormalities. Combination with first trimester serum markers may significantly ameliorate false-positive rates, whereas there are firm indications that NT measurement may be contributive in the early detection of TTTS in monoamniotic cases as well as fetal demise and preterm labor. However, because of the existence of controversial results, there is still need for prospective, randomized trials to enroll NT measurement in the prediction of other complications.
Fetal Growth
Assessment of fetal growth is one of the most challenging issues regarding antenatal management of twin pregnancies. It is generally accepted that potential identification of fetal growth restriction may demand accurate fetal biometry as well as standardized fetal growth patterns [6] . Furthermore, antenatal examination algorithm definitely depends on the kind of pregnancy's chorionicity.
RCOG's guidelines underline that in monochorionic twin pregnancies, fetal ultrasound assessment should be performed every 2-3 weeks from 16 weeks regarding uncomplicated cases. This scanning should include at a minimum abdominal circumference, imaging of the fetal brain with or without head circumference, imaging of the fetal brain with or without head circumference measurement, femur length while measurement of amniotic pools' depth, and Doppler examination at 24 weeks also are recommended [14] . This examination is mainly focused on detection of Twin-to-Twin Transfusion syndrome (TTTS) between 16-24 weeks, whereas detection of potential growth restriction is set as the main purpose after 24 weeks. In any case, a close surveillance is demanded in monoamniotic cases, whereas in dichorionic-diamniotic twins, fetal growth scans may begin from 24 weeks and then be repeated at 28 weeks, 32 weeks, and two-to-four weekly, depending on each pregnancy's clinical condition.
Fetal growth surveillance in twins should be performed exclusively based on standardized growth charts for twins. Odibo et al. [34•] , in a retrospective cohort that included 51,150 singletons and 1,608 twins, concluded that fetus classified as small for gestational age by twin-adjusted customized charts were indeed at significantly increased risk for intrauterine fetal death compared with those classified according to singleton-adjusted ones. According to Sankilampi et al. [35••] , twins diverge from singletons from 30 gestational weeks onwards; at 37 gestational weeks birth weight is 400 g lower and mean birth length 1.2 cm shorter compared with singletons. The need to base fetal growth estimation on twinadjusted charts is further indicated by Danon et al. [36] who reported a higher mean percentage error in twins compared with singletons regarding fetal weight estimation. Therefore, as underlined by Gielen et al. [37] , twin-specified growth charts, taking chorionicity into account are more accurate to detect twins at risk for neonatal death.
Because fetal growth discordance may have severe impacts on neonatal mortality and morbidity, it is highly important to define specific criteria of diagnosing fetal growth discordance. Crane et al. have proposed that fetal weight difference of more than 20 % is significantly associated with increased risk for stillbirth [38] . Several published studies also are in accordance with the fact that estimated fetal growth difference greater than 20 % is characterized by specificity, positive, and negative prognostic value greater than 90 % with sensitivity ranging around 80 %, whereas no satisfying results have yet been mentioned when using other parameters of biophysical fetal profile, such as abdominal circumference or femur length [6] . However, evidence is not supportive of definite results regarding the optimal parameter and further research is needed (level II-2, level II-3).
All the aforementioned studies associate risk for fetal death with measurements of biophysical profile parameters after 24 gestational weeks. However, an interesting observation has been recently made by D' Antonio et al. [39••] . In their 10-year retrospective study of more than 1,356 twin pregnancies, they observed that, regardless of chorionicity, early detection of CRL discordance even at 7-9 gestational weeks may be predictive of fetal loss diagnosed with the 11-to 14-week scan, presenting a high predictive accuracy (AUC=0.93, 95 % CI 0.91-0.94). Despite the fact that updated guidelines emphasize the need for increased surveillance from 16 weeks in monoamniotic and from 24 weeks in dichorionic diamniotic cases, examination of CRL from first trimester may be indicative of growth discordance and, therefore, it should be given additional attention.
Doppler velocimetry of umbilical arteries also may be contributive in the detection of potential growth discordance. Joern et al. [40] , in a study enrolling 206 twin pregnancies, have indicated that pathological findings of Doppler velocimetry were significantly associated with intrauterine growth retardation as well as risk for preterm delivery. Indeed, the median birth weight and the gestational age at birth were significantly lower in the group of twins with a pathological Doppler examination. Besides, abnormal systolic-diastolic ratios, when combined with estimated weight difference greater than 15 %, were indicated by Degani et al. [41] to have a sensitivity of 78 % and specificity of 87 % for detecting twin discordance. Doppler pathological waveforms seem to be of even higher importance in monochorionic twins especially in diagnosing arterio-arterial anastomoses with detection rates ranging from 75 % to 85 % according to Lemerle et al. [42] . Furthermore, Hack et al. conclude that abnormal Doppler flow of the umbilical artery may contribute to identifying monochorionic twins at increased risk for preterm delivery, low birth weight, and neonatal morbidity, especially at >32 weeks' gestation [43] . In conclusion, Doppler velocimetry of umbilical artery and especially systolicdiastolic ratio may provide additional indications regarding diagnosis of fetal growth discordance as well as risk for preterm delivery and neonatal morbidity, especially in monoamniotic twins. However, there is still no consensus on the exact manner that Doppler examination may be included in the antenatal examination of twin gestations and further research is demanded to achieve conclusions.
Structural Anatomy Scan
According to Consensus view from 50th Study Group of multiple pregnancies, twin pregnancies should undergo structure anatomy scan at 20-22 gestational weeks. Furthermore, structure anomaly scan should be accompanied by fetal echocardiography [21••] . This also is stated by RCOG, which underlines that extended views of fetal heart should be included in the detailed second-trimester ultrasound scan (level of evidence II) and that a fetal echocardiographic assessment should be considered in assessing severe TTTS [14] .
Predictive value of antepartum ultrasound examination in diagnosing congenital abnormalities has been outlined by several studies. Edwards et al. in a retrospective study of 245 consecutive twin gestations has reported a sensitivity of 88 % with specificity of 100 % [44] . In the same study, when adjusting for each individual anomaly, sensitivity was 82 % while specificity 100 %, therefore indicating the high diagnostic significance of anomaly scan. Speling et al. [45] , in a retrospective study enrolling 495 pregnancies, also reported that performance of anatomy scan after 19 gestational weeks and fetal echocardiography in week 21 resulted in high diagnostic rates of fetal and chromosomal abnormalities. However, it is essential to underline that structural anomaly scanning algorithm is primarily based on the first-trimester combined test, including serum markers and measurement of NT.
Regarding the necessity to perform fetal echocardiography in monoamniotic twins, there have been controversial results reported. According to Manning et al. [46] , incidence of congenital heart defects is increased in monoamniotic twins, ranging at levels of 9-10 %, and therefore detailed fetal echocardiography in monoamniotic twins is justified. Relatively, Ng et al. have reported that monoamniotic twins have increased possibilities to present myocardial noncontraction [47] . Pettit et al. also report that 20 % of infants with heart defects had TTTS versus 8 % of infants without defects, therefore indicating a significant correlation between heart defects and TTTS [48] . However, Anderson et al., in a retrospective study of 30 pregnancies with TTTS, indicated that echocardiographic assessment of heart defects did not offer additional prognostic assistance [49] . Furthermore, Sperling et al., in a large Scandinavian study [50] , also support the view that routine fetal echocardiographic examination is not justified. In conclusion, there is still no consensus on the fact that fetal echocardiography in monoamniotic twins may provide additional diagnostic contribution; however, there are strong indications in favor of performing fetal echo in monoamniotic cases, especially in those complicated by TTTS.
Invasive Procedures

Genetic Committee of the Society of Obstetricians and Gynaecologists of Canada along with Prenatal Diagnosis
Committee of the Canadian College of Medical Genetics have presented thorough guidelines regarding invasive procedures performed to diagnose aneuploidies in twin pregnancies. First of all, it is recommended that, independent of age, the option of informed counseling process should be offered to all women (level I-A evidence). Furthermore, they also state that maternal age on its own should be considered as indication only if there are no noninvasive prenatal screening methods available (level II-2B evidence) [22] .
Amniocentesis and chorionic villus sampling are the two basic options for prenatal invasive diagnostic procedures. Risk for fetal loss may present the main concern in such cases. Vink et al., in a systematic review of literature regarding amniocentesis in twin pregnancies, have demonstrated a pooled amniocentesis-related loss rate of 3.5 % in twin gestation <24 weeks [51•] . However, Luis-Cordoba et al., in a recent prospective, observational study of amniocenteses performed over a 10-year period, report comparable rates of fetal loss between twins and singleton pregnancies (1.2 % vs. 1.1 %) [52] . Relatively, Kalogiannidis et al. [53] , in a retrospective study that included 6,270 pregnancies, report that incidence of adverse outcomes is not increased in diamniotic twins compared with singletons. Regarding pregnancy loss after chorionic villus sampling, Agarnal et al., in a systematic review recently published, report comparable pregnancy loss rates for CVS and amniocenteses [54] . However, further studies are needed to provide accurate definition of amniocentesis-related pregnancy loss rates for twin gestations and therefore be able to improve counseling for invasive procedures.
Non-stress Test, Biophysic Profile, and Magnetic Resonance Imaging
Non-stress test represents an examination for which limited data have been reported regarding their diagnostic contribution in twin pregnancies. The hypothesis that contraction stress tests may provide a factor potentially inducing increased uterine activity has not yet been scientifically supported, therefore, no contradictions to perform NST in twin pregnancies exist [6] .
Reactive NSTs have been associated with good prognosis, including no perinatal mortality and growth restriction rates lower than 30 %, whereas nonreactive NSTs were correlated with increased rates of both aforementioned aspects [6, 55] . In any case, there is lack of evidence concerning the diagnostic significance of NSTs in twins (level II-2 and II-3) with the indications, however, favoring the view that NST in twins may present similar screening performance to that observed in singleton pregnancies.
Similar to NST, biophysical profile testing has not yet been thoroughly examined. Lodeiro et al. [56] , in a study examining BPP in 49 twins from 26 gestational weeks reported that BPP score ≥ 8 was significantly associated with reactive NST and favorable outcome. Despite the initially encouraging results regarding BPP diagnostic contribution in twin pregnancies, further research should be performed to achieve safer conclusions.
Finally, the potential usage of magnetic resonance imaging (MRI) should not be omitted. Bekiesinska-Figatowska et al., in a recent study that included 17 cases of twin pregnancies compared MRI examinations between 19 and 39 gestational weeks with ultrasound findings. According to their results, MRI was superior to ultrasound in 64.7 % of examined cases, whereas in the rest 35.3 % MRI confirmed initial diagnosis [57] . Similar results are outlined by Perrone et al. [58] who reported that in a series of 128 patients, MRI confirmed the US diagnosis in the majority of cases, whereas there were anatomic anomalies identified by MRI that had not been diagnosed by MRI. Hoffmann et al. also have demonstrated that early manifestation of cerebral ischemia in monoamniotic twins complicated by intrauterine fetal demise was better diagnosed by MRI imaging [59] . Review of the literature may exclusively yield references standing in favor of MRI's diagnostic contribution and, therefore, further research should be performed to enroll MRI more actively in the antenatal examination algorithm of twin pregnancies.
Special Issues: Gestational Diabetes and Preeclampsia in Twin Gestations
Gestational diabetes mellitus (GDM) represents one of the most common complications during pregnancy, with an incidence ranging between 2-3 % [60] . Despite the controversies remarked regarding the potential existence of increased risk at twin pregnancy [61, 62] , it is a fact that GDM and twin pregnancies share several common risk factors, such as advanced maternal age, marked weight gain throughout gestation, and an increased frequency of maternal obesity [60] . Furthermore, increased levels of gestagens, estrogens, and human placental lactogen in twin pregnancy may increase the risk of gestational diabetes because of their antagonists actions to insulin [63] . In any case, the coexistence of GDM in a twin gestation may cause several antenatal and perinatal hazards, including macrosomia, preterm labor, respiratory distress syndrome, preterm delivery, or even perinatal death [64, 65] .
Antenatal diagnostic management of GDM in twin pregnancy is an issue characterized by further need for research. Yogev et al. [66] in a recent retrospective study of 14,797 pregnancies complicated by gestational diabetes compared the performance of the screening test for gestational diabetes in twin versus singleton pregnancies and concluded that 50-g glucose tolerance test appears to be associated with a higher false-positive rate and a lower positive predictive value in twin pregnancies. Furthermore, as macrosomia presents an additional risk for twin fetuses in cases of GDM, increased surveillance regarding fetal growth is demanded, considering the fact that, according to Klein et al. [67] , twin pregnancies with insulin-requiring gestational diabetes seem to have less birth weight discrepancy than twin pregnancies with normal glucose tolerance. In addition, the Polish Gynaecological Society recommends ultrasound assessment of fetal growth to be performed within 7 days before delivery to estimate the potential risk for shoulder dystocia in case of vaginal delivery [68] . The aforementioned studies are indicative of the fact that further research should be performed regarding the issue of optimal screening examination and fetal growth assessment. In any case, the need to establish a universal screening of GDM is predominant and twin gestations should have their priority in this particular field of interest [69] .
Preeclampsia is another antenatal complication that is generally reported to be significantly associated with twin pregnancy. High pre-pregnancy body mass index, gestational diabetes, and egg donation have been remarked to be an independent prognostic factor for preeclampsia [70] . Preeclampsia is correlated with a variety of other antenatal outcomes with placental complications; praevia, abruption, and low birth weight gestations are the predominant ones [71] .
An interesting issue is the impact that twin chorionicity may have on the occurrence of preeclampsia. Sparks et al. in a recent retrospective cohort of 695 pregnancies interestingly observed that dichorionic twin gestations are characterized by higher odds of developing mild preeclampsia compared with monochorionic twins, therefore, upraising the importance that chorionicity assessment has on management of twin gestations [72] . Furthermore, the diagnostic contribution of Doppler for early detection of preeclampsia also should be outlined. Klein et al. [73] in a screening study of more than 400 twins concluded that increased mean, lowest, and highest PI is associated with a higher risk of preeclampsia and adverse pregnancy outcome in twins along with observing the highest sensitivity and specificity by using highest PI. Finally, the wide range of potential biomarkers studied in the complex of preeclampsia's early detection, such as placenta protein 13, cell free expression of hif1α, and p21 also should be mentioned [74, 75] . Besides, the interest recently upraised regarding the first-trimester metabolomic detection of late-onset preeclampsia may potentially lead to innovations permitting the implementation of screening examination for the early detection and therefore treatment of hypertensive disorders in twin pregnancies [76••] .
In conclusion, gestational diabetes and preeclampsia represent disorders that frequently complicate twin gestations. Increased risk for several antenatal complications necessitates the performance of further research in an effort to ameliorate antenatal examination strategy.
Conclusions
Antenatal examination of twin gestations involves a variety of diagnostic tools, each one of which has its differential role in the assessment of twins' health status. A relative layout of the basic examinations needed to be performed in every dichorionic twin gestation follows:
1. Ultrasound assessment of chorionicity, viability, and NT measurement at 10-13 gestational weeks 2. Measurement of maternal serum levels of PAPP-A and β-HCG (along with NT measurement) for aneuploidies' detection 3. Structural anomaly scan at 20-22 gestational weeks 4. Chorionic villus sampling (11-14 gestational weeks) or amniocentesis (18-22 gestational weeks) when karyotyping is necessitated 5. Serial fetal growth assessment scan at 24, 28, and 32 gestational weeks and then two-to-four weekly using twin-adjusted customized charts 6. Additional performance of NST and biophysic profile in selected cases 7. MRI additionally to U/S especially in cases of anatomical structural abnormalities
Optimal management of monochorionic twins may be differentiated at two aspects:
a. Fetal echocardiography may be contributive along with structural anomaly scan at 20-22 gestational weeks b. Ultrasound surveillance should begin at 16 gestational weeks for TTTS and then every 2 weeks, while fetal growth scan should be repeated at an equal frequency Finally, it is a fact that twin gestations represent a challenging reality of modern obstetrics, especially in the era of assisted reproduction. Because a significant proportion of twin gestations are associated with the implementation of assisted reproduction techniques and therefore couple encounters additional stress to reassure pregnancy's wellbeing, it is essential to perform research in domains characterized by lack of evidence-based consensus as well as enhance optimal diagnostic algorithm implementation both in developed and developing countries.
